Objective: To describe effects of 2 worksite health promotion programs for firefighters, both immediate outcomes and the longterm consequences for 4 years following the interventions. Methods: At baseline, 599 firefighters were assessed, randomized by fire station to control and 2 different intervention conditions, and reevaluated with 6 annual follow-up measurements. Results: Both a team-centered peer-taught curriculum and an individual motivational interviewing intervention demonstrated positive effects on BMI, with team effects on nutrition behavior and physical activity at one year. Most differences between intervention and control groups dissipated at later annual assessments. However, the trajectory of behaviors across time generally was positive for all groups, consistent with lasting effects and diffusion of program benefits across experimental groups within the worksites. Conclusions: Although one-year programmatic effects did not remain over time, the long-term pattern of behaviors suggested these worksites as a whole were healthier more than 3 years following the interventions.
firefighters are at higher risk for certain medical problems. Perhaps due to occupational exposures, the incidence of malignancies among firefighters is increased. 4, 5 In addition, their cardiovascular risks are comparable to those of other worker groups, 6, 7 and that risk profile, combined with episodic extremely physically demanding work, may account for myocardial infarctions being the leading cause of death fighting fires. 8 As a profession, firefighters recognize the disparity between their occupational demands and health habits. 9 However, similar to the general population, attempts to alter their unhealthy behaviors largely have been unsuccessful. 10 This report presents outcomes of the PHLAME (Promoting Healthy Lifestyles: Alternative Models' Effects) program, a theory-based worksite health promotion intervention for firefighters. The PHLAME trial was originally funded by the National Institutes of Health as a member of the Behavior Change Consortium (BCC). BCC projects were designed to assess new means to promote healthy dietary habits and physical activity. 11 In the original PHLAME intervention trial, there were 3 study conditions: (a) control or usual care, (b) a social-influences-based team-centered curriculum, and (c) a motivational interviewing intervention. The rationale and short-term efficacy of those programs have been reported. [12] [13] [14] [15] The team-based intervention takes advantage of the natural team structure of firefighters in order to enhance social norms conducive to proper diet and exercise. The motivational interviewing intervention focuses on improving intrinsic motivation to improve diet and exercise habit.
The PHLAME project was continued with funding from the National Cancer Institute and the Office of Behavioral and Social Sciences Research as a member of the Health Maintenance Consortium 16 to study behavior maintenance. The original PHLAME participants were assessed annually for 4 years Wave 7 PHLAME Intervention Phase PHLAME Longitudinal Follow-up Phase
METHODS

Participants
Study participants were 599 firefighters (579 males, 20 females) from 5 fire departments in northern Oregon and southern Washington. Involvement was voluntary; all information collected was confidential, and firefighters provided written informed consent at the study enrollment and again when longitudinal follow-up began. The Institutional Review Board of the Oregon Health & Science University approved both study phases. Descriptive statistics by treatment group are listed in Table 1 . The original firefighter cohort (fall of 2000) was predominately white (90.5%) and married (79%), with a mean age of 40.7 years. On average, participants had 15.4 years experience as firefighters.
Retention of participants across waves by treatment group is shown in a CON-SORT diagram (Figure 1 ). The first 3 waves were during the intervention phase of the PHLAME study, with the primary intervention between wave 1 (baseline) and wave 2 (one year later) and a scaled-down booster program the following year. During the intervention phase, firefighters who switched stations (the unit of randomization) were excluded from analysis. Initial enrollment was high at 86% of eligible firefighters, of whom 80% were retained at one year. Between the intervention and longitudinal follow-up phase, one of the original 5 departments elected not to participate. Thus, 4 departments are represented in waves 4 through 7.
Beginning with wave 4, all participants received only annual assessments and a written health risk appraisal. As with the control condition in the initial years, ). Aerobic capacity was assessed with measured maximal oxygen uptake during incremental treadmill exercise to maximal exertion using a SensorMedics 2900 or a MedGraphics TEEM 100 metabolic cart during waves 1, 2, 3, and 7. During other waves, maximal oxygen uptake was estimated from submaximal incremental exertion using the individuals' heart rate, workload, and perceived exertion relationships from their prior testing. 17, 18 Questionnaire. At each wave, firefighters completed a survey assessing demographics and self-reported physical activity, self-reported dietary behaviors, and other potentially influential factors. Most questions were answered using an anchored 7-point Likert-type agreement scale (strongly agree to strongly disagree). Individual items were assembled into constructs, based on our prior work and exploratory and confirmatory factor analyses. Construct scores were the items summed and divided by the total number of items. If the response options differed across items measuring the same construct, as for dietary support, exercise support, and knowledge of fruit and vegetable benefits, each item was standardized prior to adding items for a scale. For these 3 scales, standardization was performed by subtracting the mean at baseline for all scores for all waves and dividing by the standard deviation of the baseline measure. Scales used in this report are based on the same items measured at each of the 7 waves. The reliability of constructs is shown in Table 2 . Overall reliability was good across measurement waves, with all alpha values larger than 0.7. All scales were scored so that a higher value was a beneficial outcome. A list of the items making up each scale is available at http:// www.public.asu.edu/%7Edavidpm/ripl/ PHLAMEScaleAddendum.doc. Dietary habits were indexed using a validated screening instrument for daily servings of fruits and vegetables.
19,20
Intervention Conditions
The PHLAME intervention rationale and activities have been described 12, 14 and are summarized briefly here. Fire department workers are organized by stations; and in general, stations are staffed by 3 stable worker units, with each shift working 24 hours, followed by 48 hours off duty. The 48 stations within the 5 participating PHLAME departments, along with other administrative work groups, were randomized to 3 conditions: (a) a team-based, peer-led scripted health promotion curriculum, (b) one-on-one motivational interviewing health coaching, and (c) a testing-and-results-only comparison condition. Observations and participant responses indicated that the interventions were delivered with fidelity and were acceptable to firefighters. For both intervention groups, the behavioral objectives included eating 5 or more servings of fruits and vegetables each day, being physically active for at least 30 minutes a day, and maintaining a healthy body weight.
Team-centered curriculum (TEAM). For the team program, the intervention was delivered to a shift, with one shift member as the designated team leader. Team leaders used a scripted manual to facilitate a series of eleven 45-minute sessions, with other participants using corresponding workbooks. Each session was composed of 3 to 6 activities. The core content involved nutrition and physical activity, and 25% were scripted electives selected by the team from a menu of additional topics, eg, stress, sleep deprivation, and tobacco use. Activities were designed to be interactive, enjoyable, and consistent with principles of adult education, emphasizing relevance, active learning, and application of new abilities. 21 During the initial session, firefighters reviewed their baseline assessment and discussed goals and ways to collaborate on reaching or maintaining their objectives. During weeks without scheduled sessions, teams utilized bridging activities, such as behavior tracking and healthy games, intended to promote disclosure of outcome behaviors and reinforce PHLAME's objectives. Friendly competition and positive peer pressure were encouraged both among team members and across teams at a station. During the second year, teams received a 6-session booster curriculum, which commenced after receiving their wave 2 test results.
Firefighters' work environment is a natural fit for a team-centered intervention. A team has the potential to add to social cognitive models 22 by heightening interpersonal influences and support. Teams differ from groups in that they have interdependence among members, complementary abilities, a common commitment, mutual accountability, and an identity that results in a team's effects being greater than the sum of its members. 23 
Motivational interviewing (MI).
Traditional counseling has limited efficacy when used to promote healthy nutrition and regular physical activity. 24, 25 MI is a specific counseling technique designed to resolve ambiguity, establish individuals' intrinsic motivation and allow them to define a personally relevant change process. [26] [27] [28] [29] Firefighters from stations randomized to MI met individually while at work with a counselor skilled in MI for a series of approximately 4 one-hour meetings, with the possibility of up to 5 hours of additional in-person or phone contacts. During the second study year, participants met at least twice with their MI counselor, with options for 6 additional meetings.
Comparison condition. Firefighters from control stations received their test results, accompanied by brief explana-tions and a listing of normal values. Control participants were informed that they were free to use their test results and take their own initiative to alter their lifestyles.
Statistical Analysis
Baseline differences between groups were assessed with t-tests. The focus of the longitudinal analysis was 2 contrasts: (a) comparison of the TEAM intervention and the control group and (b) comparison of the MI intervention and control group. These 2 contrasts were tested using a multilevel model with adjustment for baseline dependent variable measures and clustering of observations in stations. The analysis of covariance model assumes that any baseline differences were due to random error, and generally it is the correct model because there was random condition assignment. However, if baseline differences are found, it is possible that the randomization was not ideal in balancing observed covariates. If statistically significant baseline differences were observed between groups, a difference score model also was estimated to investigate whether differences over time were attributable to stable baseline differences. Results are presented in Table 4 for the analysis of covariance, and difference score models are described in the text when there were baseline differences between groups.
Age was a predictor of missingness, because firefighters who retired were absent from later waves, and accordingly, age was a covariate in all analyses. The analysis used all available measures, including data from participants who were not measured at all waves.
RESULTS
Baseline Measurements
Firefighters were comparable to US adults in their body weights. The average BMI for the entire sample at baseline was 27.7, slightly higher than the national average of 26.6. 30 At baseline, participants' average consumption of fruits and vegetables was 5.6 servings a day, and 
Note. a = MI is significantly different from control b = TEAM is significantly different from control
less than one-third (28%) consumed the recommended 5 servings a day, compared to the national average of 23% for adult males. [31] [32] [33] Firefighters also did slightly better than the national average for their exercise habits. More than half (55%) performed at least 30 minutes of moderate exercise 5 times per week or 20 minutes of intense exercise at least 3 times per week. 32 Baseline demographic variables across experimental groups were comparable. Although statistical differences were observed, those were small in magnitude (Table 1) . Table 3 shows the unadjusted group means (no adjustment for missing data, clustering, or other covariates) for the study outcomes by group at baseline and across the 6 following annual measurement waves. Of the 21 potential baseline differences, the MI and control group differed significantly for knowledge of fruit and vegetable benefits and maximum oxygen uptake; TEAM and control group differed significantly only for maximum oxygen uptake. When age was included as a covariate, these baseline differences remained. No other outcome variables differed significantly at baseline. Table 4 shows program effects for MI compared to control and for TEAM compared to control during each follow-up wave. The estimates accounted for clustering of firefighters in stations, age, and the baseline measure of the variable; those included are firefighters with baseline and at least one additional follow-up measurement.
Program Effects
Wave 2 findings represent the shortterm program effects at one year, and both interventions achieved significant benefits on BMI for the analysis of covariance model. For the difference score model, the effect on BMI was marginally significant (P=.06) for the TEAM condition. In contrast, for the difference score model, the MI effect estimate was close to zero and nonsignificant, suggesting that the baseline difference between the MI and control conditions was maintained at the follow-up. The TEAM participants also reported significantly more daily servings of fruit and vegetables, greater dietary support, and knowledge of benefits of eating fruits and vegetables. Across subsequent annual assessments, although significant differences were seen in some waves, other than a sustained benefit in aerobic endurance (measured maximum oxygen uptake) among the MI participants, few intervention benefits were maintained. When a difference score model was estimated, the effect on aerobic endurance measure for the MI group was no longer statistically significant, consistent with baseline differences between the MI and control group being maintained at later waves. Although not all effects were statistically significant at Wave 2, all effect estimates were in a positive direction. Several patterns in the program effects were promising. Means in Table 3 demonstrate that firefighters in all groups improved health behaviors over the entire study, including control participants. These patterns are presented in Figure 2 (A -F), which depicts selected outcomes by condition over time.
In general, when differences are not maintained in longitudinal studies, the interpretation is that intervention-group benefits were not sustained. However, the figures indicate a different pattern, and the Y axes also provide an index of the magnitude of change over time. Figure 2 A is the objective measure of aerobic endurance. Both intervention groups, and to a lesser extent the control condition, appeared to increase their fitness following the intervention years, with some decrement in the final assessment.
Without regular training, an aging cohort would be anticipated to experience a decrease in aerobic endurance of approximately 1% per year. 34, 35 The observed increase among PHLAME participants might represent changing demographics, with a younger mean age. However, Figure 2 F depicts the average age for the 3 groups across time, and it demonstrates that as expected, the PHLAME population's age increased. Figure 2 C shows daily servings of fruits and vegetables. Although no statistical difference was observed between the interventions and control condition at latter waves, both interventions reported more servings of fruits and vegetables compared to controls at most time points. In general, TEAM participants appeared on a sustained upward trajectory, and MI and control groups' daily intakes in the final wave were approximately one serving per day greater than baseline levels. Population studies indicate increases of 0.3 servings per day may have significant health benefits. 36 Finally, Figure 2 E presents the BMI for each group across the 7 study measurement waves. Population trends indicate that BMI would be expected to have increased approximately one BMI unit (representing an 8-pound weight gain) over the 7 waves among this aging cohort. 30, 37, 38 The social support constructs for regular physical activity and healthy eating habits (Figure 2 B and D, respectively) also appeared to show upward trends across the 7 annual assessments.
DISCUSSION
As previously reported, both a worksite team-centered curriculum and one-onone motivational interviewing achieved positive outcomes in this relatively healthy group of firefighters. 13, 14 Few studies have assessed dietary and physical activity behaviors more than one or 2 years following interventions, and in general, effects have not been maintained. [39] [40] [41] [42] Annual comparison of PHLAME intervention to control groups following these successful interventions indicated that initial programspecific positive effects were lost by the fourth wave of data collection.
Limitations often inherent in longitudinal studies may have contributed to that finding. No booster interventions were delivered after initial program delivery. Participant loss due to retiring, changing jobs, and tiring of the repeated measurements may limit study power in longterm investigations. Despite a stable occupational cohort and our strong working relationships with participants, one entire department was lost to follow-up. At the fifth, sixth, and seventh wave there were 175, 127, and 207 firefighters measured, which limited power to detect program effects at later years. The use of an analysis that included even partial data improved power, but attrition may have limited identifying significant effects at However, the pattern of PHLAME outcomes over time suggests that rather than intervention groups returning to baseline levels, control participant improvement also contributed to lack of sustained intervention effects. Contrary to predicted changes in these aging participants, across groups, weights did not vary, eating habits improved, and objectively measured fitness levels increased. Two factors may have contributed to these observed changes. The first relates to study design, high participation rate at enrollment, and potential unique characteristics of fire departments. The randomization unit was fire stations within departments, and although geographically dispersed, over time, station members communicated due to transfers and cross talk at department-wide trainings. Thus, there were opportunities for admixing of study groups. A critique of prior worksite studies is their limited external validity, noting that those participating often are individuals already interested in changing their behaviors. [43] [44] [45] Unlike many occupational wellness programs, our study participation was high at the outset, which may have allowed maintaining healthier behavioral norms and sustained positive environmental influences at stations. In addition, as workers, firefighters have traditions of adopting uniform work habits, which, over follow-up years, may have further facilitated treatment diffusion to control groups.
All conditions also received annual testing and their personalized results. In general, worksite health assessments and feedback on dietary habits, fitness levels, and body weight increase awareness but have limited effect on behavior. [46] [47] [48] [49] [50] The Centers for Disease Control critically reviewed the evidence that risk assessment with feedback altered behavior and concluded that this type of intervention did not change health habits. 51 Although not sufficient to change behavior, repeated assessment combined with healthier coworkers' behaviors may have been an intervention in its own right. In that context, all conditions may have received a powerful intervention.
Our study has limitations. Firefighters have a unique work structure, and local demographics resulted in narrow distributions by gender, race, and ethnicity. In addition, it is possible that findings represented secular trends in firefighters' behaviors. Local and nationwide data are not available to assess that hypothesis, but available information concerning cardiovascular risks and obesity prevalence among other firefighter cohorts suggests that their risk profiles parallel population trends and have not improved. 52 As in other studies, the self-report measures in this report are subject to social desirability bias, but there was not reason to believe that these biases would differ across groups. A modern approach to incorporate partial and complete data across waves was used in the analysis, but there may still be some unknown influence on attrition that could affect results. There were several tests for significance conducted in this research which increase the risk of a type I error. However, beneficial intervention effects were primarily expected at the first 2 follow-ups when the interventions would have stronger effects, and there was less attrition at these earlier waves.
The PHLAME program was designed to evaluate 2 health interventions for firefighters, each based on different theories of behavior change. There was evidence that both programs led to immediate benefits, with more widespread effects from the team intervention. Longterm results suggest that firefighters from all experimental conditions continued to improve for several years following the programs. A tipping point describes a situation in which an incremental change past a threshold produces a nonlinear and much larger effect, for example as occurs with climate change 53 and insect social behavior. 54 The PHLAME longitudinal findings indicate that involving 2 thirds of employees from these unique worksites in effective interventions may have surpassed a tipping point in achieving and maintaining positive health behaviors for all workers. 
